To complete the study on harnessing the biogas produced by a UWTP as an energy source, using cogeneration with motor-generators and phosphoric acid fuel cells, in this paper we present the results of the environmental study. This completes the study made of both systems, enabling us to conclude which of the two methods is best in terms of obtaining the largest amount of energy, at the lowest cost, and with minimum impact on the environment.
Introduction
In the first part of this study [1] , it was found that both systems showed substantial differences in terms of their energetic, exergetic and thermo-economic performance. The irreversible factors of both systems are shared out among their components in different ways but, overall, there are fewer of these factors in the phosphoric acid fuel cell system. However, if we take the energy analysis alone into account, the total year-on-year costs are lower for the motorgeneration system, and this is the option that would normally be chosen.
In this second part of the study it becomes apparent that if we add up the costs of both thermoeconomic analysis and environmental analysis, i.e.: by internalizing all the costs of both systems, cogeneration with phosphoric acid fuel cells is an investment that can be eventually be recovered. However, this is not the case with cogeneration using motor-generators.
Methodology
The environmental analysis compares the two cogeneration systems on the basis of the following features:
Emission levels of atmospheric pollutants and greenhouse gases, along with their financial cost. Emission levels in surrounding and sensitive areas, and their environmental impact. Noise levels and their financial cost. Once the environmental impacts have been assessed, they must be assigned a financial cost and this must be internalized with the rest of the system's costs. The cost of externalities has been evaluated by various international organizations. Two studies are fundamental if we wish to make an assessment of the costs of the externalities of the systems studied in this paper: one is European [2] , and was subsequently developed in [4, 5] , and the other is American [3] . The American model basically uses resolution algorithms, which are in turn based on the same concept: the cost of environmental damage attributable to each unit of mass or volume of pollutant.
However, we decided to use the European model [2, 4, 5] , because its conclusions are better suited to the environment in which this study took place, but mainly because it is a more conservative model insofar as the numeric values that are obtained are always higher than the real ones. This provides us with a safety margin that is always appreciated by technicians.
In order to assign costs to the externalities, it is first necessary to decide which of these should be taken into account. In this study, we considered those that are due to the emission and noise levels produced by the systems.
We also calculated the levels of emission of chemical pollutants (gaseous compounds and particles), depending on the location's various climatic conditions, so as to compare the final environmental impact of the emissions from each system. No cost was assigned to them, however, because taking into account the costs of the irreversible energy factors and the emissions alone was sufficient proof of the financial difference between the two systems.
From the results obtained in the studies mentioned [2, 4, 5] , the emission costs for various scenarios can be inferred, as shown in Table 1 . These differ depending on the financial valuation of the emissions. In this study, we have chosen the medium-level costs of emissions shown in Table 1 , as we consider them to be the most representative. The nomenclature used for the financial costs that have been developed and used in this study (set-up and operation, energy inefficiency, emissons) is as follows:
Set-up and operating costs during the first year. In subsequent years only operating costs will be taken into account. C 2 (€/year): Costs of energy inefficiency derived from the thermo-economic analysis. C 3 (€/year): Costs of noise emissions and atmospheric pollutants.
Results
The results of the emission and noise levels for each of the two cogeneration systems studied are shown below.
Level of emissions from the cogeneration system using motor-generators
The combustion reactions of the motor-generators were modelled on the basis of the excess of air n = 1.5 that was considered. Using the formula created with the EES programme [10] , we obtained the motor-generator emission results shown in Table 2 , and these were compared with those of the phosphoric acid fuel cells. 
Level of emissions from the cogeneration system using phosphoric acid fuel cells.
Using the available data [7, 8] , the emissions from fuel cells were modelled on the basis of the level of working power. With the formula created by the EES programme [6] , we obtained the emission results that are also shown in Table 2 , above.
The SO 2 emissions for fuel cells are negligeable and have not been taken into account. To make a financial assessment of the emissions, we used the average value of emission costs shown in Table 1 . Using these values as a reference, we were able to determine the emission costs of all the compounds mentioned in the study. Table 3 shows the costs resulting from the emissions from each cogeneration system and compound, whereas Table 4 shows the sum of all the costs for each case. As can be seen from Table 4 , the total costs of atmospheric emissions from the motorgenerators are 5.64 times higher than those of fuel cells.
As shown by the figures in Table 1 , the financial cost of emissions is considered to be included in the cost of emissions shown in the previous section. However, in this study, we took into account the dispersion of pollutants according to the atmospheric conditions of the location, and emission maps were subsequently made. This was because the way in which emissions are financially assessed -which currently includes the effects of immissions -needs to be improved. It should be requisite for a device's emission levels to be used simultaneously with emission maps calculated for the device's various weather scenarios. This study will make it possible to achieve a more accurate financial assessment of the environmental impact.
Level of emissions from the cogeneration system using motor-generators. We show below a summary of the results of the emission level calculations for each pollutant and each cogeneration system. We used the DISPER 3.0 programme [9] and an Excel spreadsheet [10] , introducing the emission data calculated in Table 2 into the programme's user interface (except for the CO 2 figures). By also introducing the weather and other relevant location data, we obtained the CO results shown below, in Figure 1 , as well as each kind of atmospheric stability for the profile on the XZ plane of the central line of the plume (X axis). Similar results were obtained for the rest of the polluting gases considered in this paper. As for emission and emission levels, the motor-generator cogeneration system is at a clear disadvantage when compared to the phosphoric acid fuel cell system.
The noise level of the motor-generator cogeneration system.
For the calculations in this section, we used the data provided by the manufacturers -which, in both cases, dealt with emissions into the indoor (rather than outdoor) atmosphere of 95 dBA for motor-generators, and 60 dBA for fuel cells [13, 14] , as well as current regulations.
To check that the noise level limits set by the current legislation were not exceeded, we used the CUSTIC 1.0 application, by Canarina Software Ambiental [15] , to calculate the noise emission levels. These were viewed on isophonic layout maps, for both the installation using motor-generators and the one using phosphoric acid fuel cells.
In the case of the motor-generators, the noise levels calculated in the simulation would exceed the 60dBA day-time limit, beyond the walls of the motor-generation building, unless appropriate corrective measures were put in place. In order to comply with the law, it would be necessary to take corrective measures amounting to 43,500 Euros. With fuel cells, no corrective measures are required
Conclusions
By considering environmental effects in our analysis of the two cogeneration systems, we were able to reach the following conclusions.
